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During this period the last stages of assembly of the high 
energy beam system have been virtually completed, and most of the 
components tested. 
has  been changed and the source now operates perfectly up to  2500°K. 
The responses of the two omegatrons in the beam detection system have 
been matched and the whole beam detection system including bake-out 
ovens and translational motion is now operational. 
motions for the source operate satisfactorily and complete opt- "$1 
alignment of the entire system is complete. 
important with the heated source because thermal expansions occurring 
as  the source is heated have to  be compensated for .  
a r e  appended in Section J-1 taken from the 1965 UTIAS Progress  Report. 

The power supply fo r  the hot tungsten tube source 

. 
The traversing 

This is particularly 

Some further details 

The initial phase of some electron beam studies of the 
free-jet skimmer interaction has been completed, and the results 
submitted as a letter to the editor of the Physics of Fluids .  The photo- 
graphs of the density field (see Section 5 - 2  appended) show that no 
detached shock waves exist in front of the skimmer under the conditions 
in which maximum skimmer interference is known to  occur. 
measurements a r e  now being made using photomultipliers. 

Quantitative 

The assembly of the test chamber in which the accommodation 
coefficient measurements w i l l  be made is continuing. 
is mounted on a large flange which can be rotated under ultra-high vacuum 
in order  to vary the angle of beam incidence. This flange, involving a 
flowable indium seat, is nearly complete. The optical lever is in a mild 
vacuum system outside the bakeable UHV chamber and views the mi r ro r  
of the target torsional suspension through a UHV sealed optically flat 
window. 
adsorbed on the target face, and the electron bombardment system for 
cleaning the target are being incorporated into the system but have not 
been checked as yet. 
appended. 

The target assembly 

The retarding field diode fo r  monitoring the amount of gas 

Some further details a r e  given in Section 5-3 

1 1  The survey article Continuum Source Molecular Beams" 
written by the principal investigator by inviiaiioii appearcd in  the J u n ~  
1965 issue of the AIAA Journal, 
the  work. 

acknowledging NASA sponsorship of 

In summary, we a r e  confident of our ability to  make the 
measurements outlined i n  the original proposal now that our equipment 
building and testing period is nearly complete. However it may be that 
the time required wi l l  run beyond the end of the three year period 
(March 1, 1966) and if  it becomes apparent by January 1966 that such w i l l  
be the case w e  would like at that t ime to  request a no-cost extension of the 
t ime to complete the work before issuing a final report. 
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The broad object ive of the  program i s  t o  stuciy i n  depth the  
f a c t o r s  which inf luence t h e  l n t e r a c t i o n  between an impinging gas p a r t i c l e  and 
a s o l i d  surface,  i n  order t o  provide physical  i n s igh t  i n t o  t h e  boundary condi- 
t i o n s  t h a t  must be used f o r  r e a l i s t i c  r a r e f i e d  gasdynamic ca lcu la t ions .  
lar  'emphasis i s  being placed on the exchange of momentum and energy ( i n  var ious 
forms) f o r  molecua r  v e l o c i t i e s  ranging from thermal t o  s a t e l l i t e  f l i g h t  ve loc i ty .  

Par t icu-  

Progress on seven pro jec ts  over t h e  pas t  year i s  out l ined.  The 
high energy beam f a c i l i t y ' ( P o j e c t  J-1) has required a grea t  dea l  of e f f o r t  i n  
a s s m b l i n g ,  t e s t i n g ,  and ca l ib ra t i cg  the  many new components but  it i s  now 
operat ional  again f o r  i t s  forthcoming use i n  surface s tudies .  The optimization 
of t h e  performance of t h i s  f a c i l i t y  i s  being aided by the  a u x i l i a r y  Froject  5-2 
designed t o  shed l i g h t  on t h e  act ion of the skimmer i n  the  beam fcrmation pro- 
cess .  A review of t h e  continuum source molecular beam f i e l d  has been completed 
and published i n  the  AIM Journal,  June 1965. 

The e x p e r b e n t  t o  cleaswe accommodation coe f f i c i en t s  of high, 
energy lrolecules i s  now i n  tkie asbezbly e t i g e ? .  Pro.]ect 5-3 descr ibes  progress 
on t h e  o p t i c a l  l eve r  system t o  be used i n  making these  measurements. i n  Pro- 
j e c t  5-4 a comparison experiment t o  measure t h e  s c a t t e r  p a t t e r n s  of high energy 
of high molecules from c a r e f u l l y  control led sur faces  i s  described. These two 
experiments a re  being set up i n  interchangeable experimental chambers which 
bo th  use the  high energy beam. 

Progress on a n  i o n  beam f a c i l i t y  i s  summarized i n  Project  5-5, 
An experiment involving and w a s  pEblished during t h e  year i n  UTIAS T.N. 80. 

t h e  i c t e r a c t i o n  of low energy ions and cont ro l led  surfaces  i s  being assembled. 

Progress on the  development of a method f o r  ve loc i ty  ana lys i s  of 
a beam of molecules, at ve loc i t i e s  higher than those a t  which mechanical selec- 
t i o n  i s  p r a c t i c a l ,  i s  given i n  Project  J-6. The system has t h e  added advantage 
o f  compat ibi l i ty  with ld t ra -h igh  vacuum requirements and has many p o t e n t i a l  uses e 
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Project  5-7 arose from t h e  d e s i r e  t o  produce a stream of U l t r a -  
pure ni t rogen f o r  control led surface s t u d i e s .  The experimental arrangem.ent ' 

shoulc? provide quzn t i t a t ive  information concerning t h e  s t i c k i n g  p r o b a b i l i t y  Of 

many gases O i l  f r e s h  n i cke l  films. 

S t a f f  Supervisors. 

s-1 HIGE ENERGY M O L E C U M  BEAM FACILITY - NASA, DRB ( H .  J .  Davis, Jr a ) 

The purpose of t h i s  f a c i l i t y  i s  t o  produce a well- coll imated 
beam of n e u t r a l  molecules with t r a n s l a t i o n a l  energies  from 1 t o  10 ev. f o r  use 
i n  surface i n t e r a c t i o n  s t u d i e s .  
In t h e  source chamber and allowed t o  expand through a sonic nozzle t o  €orm a 
f r e e  J e t  ( s e e  F i g .  J-1.1). 
con ica l  skimmer i n t o  t h e  col l imat ion chamber. The impact probes and v e l o c i t y  
s g l e c t o r  a t  t h e  downstream end of t he  col l imat ion chamber a r e  used t o  determine 
tht. c h a r a c t e r i s t i c s  of t h e  beam. The p a i r  of matched impact pressure probes 
a,?? connected t o  the  omegatron p a r t i a l  pressure gauges ou t s ide  t h e  col l imat ion 
chamber. 
f3.u: d i s t r i b u t i o n  of t h e  component gases i n  t h e  beam. The r o t a t i o n a l  v e l o c i t y  
s e l e c t o r  or1 the  cen t r e l ine  of t h e  beam can measure t h e  v e l o c i t y  dis t r ibuLion of 
t he  coiiqonent gases when used i n  conjunction with t h e  impact probes. 

A two component gas mixture i s  ohmically heated 

The cen t r e  po r t ion  of t h e  j e t  passes through a 

These probes nay be t r ave r sed  across  t h e  beam t o  measure t h e  r a d i a l  

The pas t  year has been spent i n  t h e  assembly, t e s t i n g ,  ar,d C a l i -  

bra-cion o f  t h e  various components of t h e  f a c i l i t y .  The system t o  meter t h e  
gases introduced i n t o  t h e  source charber was c a l i b r a t e d  f o r  helium and argon. 
When using a sonic nozzle of .Ol3 inch diameter t h e  metering system i s  capable 
of prcduciiig mixtures from 1 t o  10 mole percent argon i n  h e l i m  with source 
conditions from 100 t o  2300 t o r r  absolute  and s t agna t ion  temperature from 
273OK t o  25000K. The ca r r i age  on which t h e  tungsten-rhenium source chamber tube  
i s  mounted w a s  i n s t a l l e d  i n  t h e  low dens i ty  wind t u n n e l .  The fou r  motor 
dr iven not ions of t h e  sonic nozzle were t e s t e d  and found t o  operate  s a t i s f a c t o r i l y .  
I n i t i a l  t e s t s  t o  heat t h e  source were unsuccessful because o f  t h e  l a c k  of con- 
t r o l  of t h e  D . C .  power supply. This p a r t  of t h e  system has been redesigned 
using a va r i ab le  transformer f o r  con t ro l  i n  s e r i e s  with a f i x e d  transformer t o  
match t h e  r e s i s t a n c e  of t h e  tungsten-rhenium tube .  

After  i n s t a l l a t i o n  of a l l  e l e c t r i c a l  l e a d s  t h e  co l l imat ion  chanber 
was l eak  t e s t e d  and a l l  s a f e t y  devices on t h e  pumping system t e s t e d .  

The assembly of t he  two impact, probes and omegatron gauges has 
bec-m cc;npl.eted. 
( ' to I iOOQC) the  e n t i r e  gauge systen have been i n s t a l l e d .  
bly for the  impact probes and omegatron gauges has been assembled and i s  
ope ra t iona l .  

(See F ig .  J - 1 . 2 ) .  The t h r e e  sepa ra t e  ovens necessary t o  bake 
The t r a v e r s i n g  assem- 

After checking the  dimensional accuracy of t h e  v e l o c i t y  s e l e c t o r  
d i s c s  t h e  s i x  d i s c s  were stacked togetjher and. clamped wi th  t h e  al ignvent  of t h e  
slots cn adjacent d i sc s  corresponding t o  trlat requi red  i n  t h e  f i n a l  configma- 
tioi: of t h e  d i s c s  on the v e l o c i t y  s e l e c t o r  motor s h a f t .  Two s m a l l  holes  were 
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mackiined near t he  periphery of the  stacked d i sc s .  
alignment of t he  d i sc s  on the  motor shaf t .  Design, construct ion and preliminary 
t e s t i n g  w a s  completed on t h e  photo diode c i r c u i t  which suppl ies  s igna l s  t o  t h e  
e l ec t r cn ic  counter used t o  determine t h e  r o t a t i o n a l  speed of the  v e l o c i t y  
se l ec to r .  The v a r i a b l e  frequency power supply f o r  t h e  v e l o c i t y  se l ec to r  w a s  
modifiea by t h e  addi t ion  of s a fe ty  fea tures  t o  insure  t h e  se l ec to r  cannot by 
rm f a s t e r  than t h e  20,000 rpm m a x i m u m  opera t iona l  speed. 

These w i l l  allow accurate  

e 

Work i s  now being done t o  match t h e  response of t h e  two omegatron 
tubes.  

5-2 ELECTRON BEAM STUDIES OF SKIMMER INTERACTION I N  A FREE JET - NASA, DRB 
(G. E. McMichael) 

This work i s  complementary t o  t h a t  reported i n  J-1 and i s  being 
performed t o  obtain information necessary f o r  t h e  optimum design of skimmers 
f o r  use i n  continuum source molecular beams. Q u a l i t a t i v e  dens i ty  maps have 
been obtained of t he  region i n  f ront  of a skimmer loca ted  on t h e  cent re  l i n e  of 
an argon f r e e  j e t .  The flow v i s u a l i z a t i o n  technique used i s  t o  hold the  camera 
s h u t t e r  open while a diametral  "cut" of t h e  dens i ty  f i e l d  i s  painted i n  by mov- 
ing a t ransverse  e l e c t r o n  beam s t ead i ly  downstream. 

To nlz ta in  su f f i c i en t  reso lu t ion ,  a conical  skimmer with a 0.104 
inch diameter o r i f i c e  w a s  used. The skimmer had exierrrzl and i_n;t..ernal ha l f  
angles of 35 and 25 degrees respect ively,  and t h e  source o r i f i c e  diameter w a s  
0.C3l icches.  Figure J -2 .1  shows the  apparatus mounted i n  the  UTIAS low dens i ty  
t m n e l .  By varying t h e  source s tagnat ion pressure from 120 t o  2400 t o r r ,  and 
the  nozzle-skimner dis tance from 1.0 t o  0.31 inches (32.3 t o  10.0 nozzle dia-  
nieters) it w a s  poss ib le  t o  vary the skimmer Knudsen number (based on a hard 
sphere model mean f r e e  path)  from 1 . 1 t o  0.0053. This i s  t h e  region over which 
it has been proposed t h a t  t he re  i s  a detached bow shock i n  f ron t  of t h e  skimmer. 
Xhen the  region behind the  skimmer w a s  sealed off  so  t h a t  t he  flow stagnated a t  
t h e  s k i m e r  o r i f i c e ,  a detached bow shock w a s  observed. However, i n  a l l  cases ,  
when the pressure behind the  skimmer w a s  reduced t o  t h a t  of t h e  tunnel  back- 
ground pressure (3-30 microns depending on t h e  source s tagnat ion pressure)  a 
shock w a s  observed at tached t o  the skimmer, but t he re  w a s  no apparent increase 
i n  dens i ty  i n  the  region d i r e c t l y  i n  f ron t  of t he  skimmer o r i f i c e .  An example 
of t h e  two cases i s  given i n  F ig .  5-2.2. 

Modifications are now being made i n  order t o  make a q u a n t i t a t i v e  
study of t h i s  same regioii Usirg 8 sh&nmul t ip l ie r  t o  measure t h e  l i g h t  i n t e n s i t y .  
Calculat ions ind ica te  t h a t  t he  achievable s e n s i t i v i t y  w i l l  match t n a i  i izcesszy 
t o  de t ec t  t h e  dens i ty  of a r e f l ec t ed  cloud of molecules capable of any 
appreciable beam a t tenuat ion .  Provision i s  being made t o  examine t h e  i n t e r e s t -  
i ng  region j u s t  i n s ide  the  skimmer. 

J- 3 OPTICAL LEVER FORCE AND ENERGY TRANSDUCER - NASA, DRB (E.  J .  Moskal) 

The object  of t h i s  p r o j e c t  w a s  t o  develop an instrument t o  be 
used f o r  monentum accomiiodation coe f f i c i en t  s tud ie s  i n  t h e  high energy molecular 
be&% f a c i l i t y .  It w i l l  be  necessary t o  measure accurately forces  of t he  order 
of 10-5 t o  dynes. 
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Fina l  c a l i b r a t i o n  of t h e  o p t i c a l  l e v e r  (see Fig .  5-3.1) w a s  
accomplished during t h e  pas t  year.  A primary c a l i b r a t i o n  system which gives  it 

d i r e c t ,  known r o t a t i o n  of  a mirror ,  i s  used t o  c a l i b r a t e  a secondary c a l i b r a t i o n  
systerr. which remains on t h e  l e v e r .  This secondary system w i l l  be used t o  check 
tGe s e n s i t i v i t y  of t h e  l e v e r  before each experimental run. Figure 5-3.2 i s  a 
segrent  of  a secondary c a l i b r a t i o n  t r a c e ,  i l l u s t r a t i n g  t h e  good l i n e a r i t y  
obtaicable .  L inea r i ty  provides a good ind ica t ion  of t h e  q u a l i t y  of t h e  g r i d s  
and t h e  opt , ics .  The output of t h e  o p t i c a l  l e v e r  i s  l i n e a r  over a range corre- 
spocding t o  7.5 x radians.  

From Fig .  5-3.3 one can see  t h a t  a t  a maximiim s e n s i t i v i t y ,  (w i th  

This noise 
a f i x e d  m i r r o r ) ,  the ultimate noise l e v e l  of t h e  o p t i c a l  l e v e r  i n  vacuum was 
approximately equivalent t o  a mirror r o t a t i o n  of 1 x 10-8 radians.  
Lcvel  1 s  pr imar i ly  due t o  t h e  inherent  noise a t  t h e  photoconduc i v e  c e l l s .  
Th: long term d r i f t  from a l l  sources w a s  found t o  be 1 .54  x lo-’ rad/min. 

If one uses a t o r s i o n  balance having an 0.001’’ diameter t u n  s t e n  
wire, one cay expect a r o t a t i o n  of 1.65 x 10-5 radians f o r  a fo rce  of lo-$ dynes. 
4s t h e  noise l e v e l  of the  l e v e r  i s  10-8 radians,  and t h e  de t ec t ion  system i s  l i n e a r  
over a t  l e a s t  7.5 x 
cal: b e  rneasured with t h e  e x i s t i n g  o p t i c a l  l e v e r ,  s ince  t h e  expected mean 
Growian excursiog of t he  balance i s  approximately 1 .6  x 10-7 r ad ians .  
a r e  cuntinuing or, the  bes t  damping and nu l l ing  methods. 

radians,  then expected fo rces  of 10-5 t o  dynes 

Studies  

The o p t i c a l  l e v e r  i s  now being adapted f o r  use i n  measuring 
.mnentm accoLmodation c o e f f i c i e n t s  of argon and ni t rogen on t h e  (100) f ace  of 
tucgstEn and n i cke l .  The bas i c  coinponents f o r s t h i s  study have been obtained 
wid machinipg has s t a r t e d  on p a r t s  of t h e  apparatus.  The system c o n s i s t s  of a 
530 l i t r e / s e c  Triode-get ter  i on  pump with a bakeable s t a i n l e s s  s t e e l  cha-ber 
mounted on it,. A r o t a t a b l e  UHV t o p  has been designed f o r  t h e  experimental 
chamber, and i s  now being f ab r i ca t ed .  

J -. 1: - SC.4TTEAING OF HIGH ENEEGY KOLXCTJLES FRO14 SURFACES - DRA ( D .  R ,  O’Keefe) 

An experiment designed t o  study the  r e f l e e t i o r ,  of high energy 
(I t o  10 ev) argon atoms from t a r g e t  surfaces  of tungsten and n i c k e l  i s  being 
assexbied. 
cryskal f aces  of these materials.  Tungsten and n i  k e l  have been chosen because 
they a r e  corrrpatible with u l t r a  high vacuum ( < 
I>(: heated t o  e levated temperatures f o r  c l e a n i ~ g  purposes.  Crys t a l s  have been 
pixchased in. which the o r i e n t a t i o n  i s  wi th in  *o of t h e  normal t o  t h e  su r face .  
A r e l a t i v e l y  smooth microscopic surface has been achieved through t h e  process 
of  e1.ectropolishFng. A s  i s  a l ready known from low energy e l e c t r o n  d i f f r a c t i o n  
stud-ies, hes t  treatment i n  vacuum w i l . 1  f u r t h e r  p e r f e c t  t h e  su r face .  Various 
t e s t s  ari: being s e t  up t o  provide t h e  b e s t  poss ib l e  knowledge of t h e  micro- 
s+,ru:ture cf t h e  sxr face .  

Ifi. p a r t i c u l a r ,  t h e  experim2nts w i l l  be performed on t h e  (100) s i n g l e  

t o r r )  requirements and can 

A two a x i s  c rys t a l -o r i e r - t a t ion  device ( F i g .  5-4.1) has been b u i l t  
which allows changes i n  t h e  angle of incidence of t h e  incoming beam, as we l l  as 
a r o t a t i o n  about t h e  beam a x i s  t o  allow t h e  coinplete 3-dimensional s c a t t e r e d  
flux dis t , r ibu t ion  t o  be obtalned. 

Thr: detector  i s  a G.E. ,  Type 22PT120 bakeable m a s s  spectrometer 
usad i n  thr- s t agns t ion  pressure mzasuring mode. The pos i t ion ing  devicc f o r  
t h i s  m i t ,  has been completed and i s  ready f o r  i n s t a l l a t i o n  i n  t h e  bakeable 
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s t a i n l e s s  s t e e l  test chamber. 
ge t t e r ing  pump. 
t o r r  i n  t h e  i n t e r a c t i o n  chamber with t h e  beam on. 
due t o  t h e  r e f l e c t e d  molecules i s  t y p i c a l l y  t o r r ,  it i s  necessary t o  
improve t h e  discr iminat ion of t h e  r e f l ec t ed  molecule s i g n a l  as measured by t h e  
de tec tor ,  from the  "noise" due t o  the  background pressure.  To acconplish t h i s ,  
a p i l l -box  cryogenic region has been designed and b u i l t  t o  surround the  t a r g e t .  
It cons i s t s  of a l i q u i d  helium s t a i n l e s s  s t e e l  dewar completely surrounded 
by a l a r g e r  but  s i m i l a r i l y  constructed dewar of l i q u i d  ni t rogen.  Feed l i n e s  
pass through t h e  vacuum w a l l  and t h e  l i q u i d  l e v e l s  are maintained by comer-  
c i a l i y  purchased l i q u i d  l e v e l  cont ro ls .  

The system i s  provided wi th  a 500 l / s e c  t r iode 
It i s  est imated t h a t  t h e  pressure  w i l l  be approximately 10-9 

A s  t h e  s tagnat ion  pressure 

With t h e  use of such high energy beams, it i s  bel ieved t h a t  t h e  
s t i ck ing  p robab i l i t y  of gases leaving t h e  t a r g e t  and impinging on t h e  l i q u i d  
helium cooled wal l ,  w i l l  be something less than un i ty  (no values  of t h e  s t i c k -  
ing p robab i l i t y  f o r  r e l a t i v e l y  energet ic  molecules a r e  ava i l ab le  t o  date).  To 
g r e a t l y  reduce t h e  p o s s i b i l i t y  of having these  p a r t i a l l y  accommodated molecules 
come o f f  t h e  cryogenic sur face  and i n t e r f e r e  wi th  t h e  de tec tor  s igna l ,  a 
s e r r a t e d  surface (F ig .  5-4.2) has been constructed f o r  t h e  inner  sur face  fat- 
ing t h e  t a r g e t .  The p l a t e  i s  bent i n t o  a c i r c u l a r  cy l inder  with t h e  f inned 
sur face  towards t h e  cent re  and with each of t h e  f i n s  skewed a t a n  angle of 30 
dep,.rees t o  t h e  r ad ius  so t h a t  most of t h e  molecules suffer mult iple  c o l l i s i o n s  
with t h i s  wall. The t r u e  r e f l e c t e d  s igna l  as measured by t h e  de tec tor  i s  then  
unhampered by t h e  pressure of slower moving molecules from other  p a r t s  of t h e  
system. 

Most of t h e  e l ec t ron ic  support equipment has been obtained, includ-  
ing: a r e t a rd ing  f i e l d  diode unit t o  monitor t h e  surface p o t e n t i a l  of t h e  cry- 
s ta l  sur face .  This w i l l  provide a measurement of t h e  s t a t e  of c leanl iness  of  
t h e  c r y s t a l .  A n  e lec t ron  bombardment power source has been constructed f o r  
use i n  cleaning t h e  t a r g e t .  Before a c t u a l  experiments can be conducted, f i n a l  . 

mechanical assembly i s  requi red  as wel l  as. a c a l i b r a t i o n  of t h e  de t ec to r .  

J- 5 IWERACTION OF LOW ENERGY IONS WITH CONTROLLED SURFACES - ONR, DRB 
( R .  H. Pr ince)  

The production of high-energy molecular beams by means of charge- 
exchanged ion  beams i s  e n t i r e l y  f eas ib l e ;  however, it i s  f e l t  t h a t  t h e r e  i s  much 
t o  be learned by a study of t h e  nature of t h e  i n t e r a c t i o n  of t h e  ions themselves 
with sur faces  of known p rope r t i e s .  
plasma physics and thermonuclear physics i s . t h e  production of secondary e l e c t r o n s  
and t h e  r e f l e c t i o n  of pr imary ions.  
the  measurement of t h e  t o t a l  y i e l d ,  energy spectrum, and s p a t i a l  d i s t r i b u t i o n  
of secondary p a r t i c l e s  as a funct ion of ion  energy and angle of incidence.  
The i o n  energies  of i n t e r e s t  ( 5  t o  20 ev f o r  N'*) are such t h a t  t h e  r ad ia t ion -  
less (Auger) t r a n s i t i o n s  responsible  f o r  secondary emission do not d i r e c t l y  
invoive t h e  t r a n s l a t i o n a l  energy of t h e  incoming p a r t i c l e ,  but p r i n c i p a l l y  
t h e  ion iza t ion  p o t e n t i a l  of t h e  gas and t h e  conduction-band parameters of t h e  
s o l i d .  
e x i s t e n t  below 50 ev., a t  which energy it i s  apparent t h a t  i n  order t o  recon- 
c i l e  t h e  reduced y i e l d  of a diatomic spec ies  compared t o  t h a t  of an i n e r t  gas  
of similar ion iza t ion  p o t e n t i a l  (e .g .  N2, Ar) one must pos tu l a t e  an energy 
s ink ,  poss ib ly  molecular v ib ra t ion  a s  proposed by Propst a h  Luscher. 
t h e o r e t i c a l  ca l cu la t ion  of  t h e  secondary-electron energy spectrum and s p a t i a l  
d i s t r i b u t i o n  has commenced, attempting t o  include tkie proposed v i b r a t i o n a l  f i n a l  

O f  p a r t i c u l a r  i n t e r e s t  i n  many f i e l d s  of 

The  pi-opsed z q z r k ~ e r ? t  i s  cnnrerned wi th  

Exper ima ta l  da t a  f o r  gases o ther  than t h e  i n e r t  ion  species  i s  non- 

A 



.. .. 
s t a t e s ;  it i s  f e l t  t h a t  Cne f i t t i n g  of t h e  theory of these  measaab le  func t ions  

' w i l l  provide an i n s i g h t  i n t o  t h e  process.  

The experimental program i s  na tu ra l ly  concerned i n i t i a l l y  wi th  
t h e  production of an ion  beam of maximum i n t e n s i t y  and p u r i t y ,  combined wi th  
nininiun energy devia t ion ,  i n  t h e  energy range of i n t e r e s t .  
f a c i l i t y  w a s  ou t l ined  i n  t he  previous (1964) Progress Report, and i s  descr ibed 
i n  de ta i l  i n  UTIPS Technical Note No. 80. 
t h a t  before  performing a d e f i n i t i v e  experiment modif icat ions would be necessary,  
namely t h e  e l imina t ion  of undesired ion  species  and exc i ted  n e u t r a l  p a r t i c l e s  
by means of mass-sensit ive de f l ec t ion ,  and the use of cont ro l led  sur faces  i n  a 
high-vacuum environment. 

A p r e l i a i n a r y  

A t  that  t ime, it became evident 

A schematic diagram of t h e  apparatus i s  shown i n  F ig .  J-5.1. 
Clear ly  seen i s  a Nier-type mass spectrometer of 60° def lec t ion ,  desigded f o r  
opera t ion  a t  up t o  1 kilogauss;  f l u x  densi ty  p r o f i l e s  obtained using a Hall- 
e f f e c t  probe, 
t i o n  of t h e  i o n  pa th  within t h e  pole  pieces.  
necess i ty  been m G d i f i e d  simultaneously, w i t h  the  ion  o p t i c a l  system, t o  accoIc- 
modate the spectroEeter  s tage .  The 18" dia .  bakeable experilnental chamber has 
been f ab r i ca t ed ,  and a General E l e c t r i c  100 l i t r e / s e c  Triode g e t t e r  i o n  pump 
purchased t o  provide a ca l cu la t ed  environmental p ressure  during beam opera t ion  
of 10-9 t o r r .  
suremeat techniques requi red  for study of the sur face  i n t e r a c t i o n .  
v ib ra t l rg - r eed  e l e c t r c x e t e r  will be used as  a de tec to r ,  i n  
simple low noise  d i f f e r e n t i a t i n g  c i r c u i t  cons is t ing  of Ph i lb r l ck  P-65A s o i i a -  
s t a t e  ope ra t iona l  aaplifiers, which a re  b a t t e r y  operated,  permiting f l o a t i n g  
operat ion.  

show a high degree of homogeneity ( <.1% devia t ion)  over the  por- 
The vacuum enevelope has of 

Consideration i s  p resen t ly  being given t o  t h e  con t ro l  and mea-  
A Cary 

conjunction wi th  a 

J- 6 PULSED ELECTBOX BEAM VELOCITY ANALYSER - Om, DRB (J. W. Lccke) 

This i s  a development p ro jec t  intended t o  assess  t h e  mer i t s  of an 
a l l - e l e c t r o n i c  techr,ique f o r  measuring the  d i s t r i b u t i o n  of molecular v e l o c i t i e s  
i n  a low-density gas stream. 
taken by molecules of t h e  o r i g i n a l  gas stream tha t  have been exc i t ed  by e l e c t r o n  
impact t o  t r a v e l  a known d is tance  t o  a de tec tor  plac5d downstream. O f  the   WAY 
prodircts c r ea t ed  i n  t h e  gas by e l e c t r o n  impact, molecules i n  long-l ived 
(metastable)  exc i ted  s t a t e s  are t h e  most s u i t a b l e  l o r  t h i s  measurement because, 
un l ike  ions ,  they  ca r ry  no e l e c t r i c  charge and are not acce lera ted  by t h e  
s t rong  e l e c t r i c  f i e l d s  assoc ia ted  with the e l e c t r o n  bean producing t h e  exc i t a -  
t i o n .  Because t h e r e  are no moving p a r t s  i n  th i s  type of ana lyser ,  it i s  w e l l  
suited t o  th.? vzlocl ty  ~ ~ a l y s i s  nf hiQh - -  speed molecular beams (10,000 metres/ 
see. and h igher )  , and t o  u l t r a -h igh  vacuum systems. 

The i n s t r m e n t  i s  based on measuring t h e  time 

Work t o  da te  includes t h e  design and construct ion of a c l a s s i c a l  
molecular-beam source,  t h e  cons t ruc t ion  of a two-chamber ( e x c i t a t i o n  and detec- 
t i o n )  vacuum system, a high vol tage pulser  t o  d r ive  t h e  e l ec t ron  beam system 
used f o r  t h e  e x c i t a t i o n  and an e lec t ron-e jec t ion  de tec to r  with a s soc ia t e<  c i r -  
c u i t r y .  System diagrams can be found i n  t h e  1964 Progress Report. 
d e t e c t o r  cont inues.  

Work 5n t h e  

The schematic of t h e  high-voltage pu l se r  i s  presented i n  F ig .  
J-6.1 and EL photograph of t h e  completed p u l s e r  i.n Fig.  J-6.2. 
dr iven  t h e  h i g h s w e r  e l ec t ron 'gun  a t  17 KV., 400 m a .  wi th  
more t h a n  s u f f i c i e n t  for t h i s  experiment. 

This  pu l se r  has 
sec .  r i s e t ime ,  1 IJ. 
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